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The c a r c i n o g e n e s i s  b i o a s s a y  of t e c h n i c a l  g r a d e  l . l , l - t r i c h l o r o e t h a n e  i d s  

conduc ted  u s i n g  Osborne-Hendel r a t s  and B6C3F1 mice .  l , l , l -Tr i  i h l o r o e t h a a e  

was a d a i n i s t e r e d  o r a l i y  py gavage i n  c o r n  o i l  t o  56 a n i m a l s  of e a c h  s e x  and  

s p e c i e s  a t  two dose  l e v e l s  5 days  per week f o r  ,78 weeks. 

-- Rats: The expe r imen t  was o r i g i n a l l y  s t a r t e d  u s i n g  d o s e s  of 3,000 and  1 ,500  

mg/kg of body we igh t .  A f t e r  a f e w  weeks  ?he  s t u d y  was t e r m i n a t e d ,  and t h e  

a n i m a l s  d i s c a r d e d  because  of na rked  s i g n s  of i n t o x i c a t i o n .  The e x p e r i m e n t  

was r e e t a r t e d  w i t h  r a t s  7 weeks of a g e  t h a t  were put  on d o s e s  o f  1 ,500  and 

750 mg/kg. There was a modera te  d e p r e s s i o n  of body we igh t  in the  first 

y e a r  of t h e  s t u d y .  During t h e  second y e a r  a y e l l o w  d i s c o l o r a t i o n  of t h e  

f u r  of t h e  lower abdomen and i n c r e a s e d  e y e  and n a s a l  d i s c h a r g e  and dyspnea  

vere noted .  Both males and f e m a l e s  g i v e n  t h e  tc3t chemica l  e x h i b i t e d  e a r l y  

m o r t a l i t y  when compared w i t h  t h e  u n t r e a t e d  c o n t r o l s ,  and t h e  s t a t i s t i c a l  

tes t  f o r  d o s e - r e l a t e d  trend was s i g n i f i c a n t  (P < 0.04). A l l  s u r v i v i n g  

a n i m a l 8  were t i l l e d  a t  117  weeks of age. 

- Mice: Hale and f ema le  wean l ings  were s t a r t e d  on tes t  a t  5 weeks o f  age  and 

k i l l e d  a t  96 weeks of age .  I n i t i a l l y ,  t h e  d o s e s  for nale and f e m a l e  mice 

vere 4,000 and 2,000 m g / k ~  body weight .  Dur ing  t h e  1 0 t h  veek  o f  t h e  s t u d y ,  

d o s e s  vere i n c r e z s e d  t o  5,000 a n d  2,500 mg/kg, s i n c e  t h e  a n i m a l s  a p p a r e n t l y  

c o u l d  tolerate  ' a  h i g h e r  dose .  Doses were  a g a i n  i n c r e a s e d  a t  veek 20 t o  

6,000 and 3,090 mg/kg and ma in ta ined  a t  t h e s e  l e v e l s  to  t h e  end of  :be 

s t u d y .  Time-weighted a v e r a g e  d o s e s  f o r  t h e  high- and l w - d o s e  mice were, 

r e s p e c t i v e l y ,  5,615 and 2,807 mg/kg. There uas a modera te  d e p r e s s i o ?  of 

body w i g h t  t h roughou t  t h e  s t u d y  i n  b o t h  =xes of mlce, and t h e  s u r v i v a l  

vi  i 
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vas s i g n i f i c a n t l y  d e c r e a s e d .  I n  t h z  f ema le  mice, t h e r e  v a s  a p o s i t i v e  

d o s e - r e l a t e d  t r e n d  (P - 0.002) i n  t h e  p r o p o r t i o n s  s u r v i v i n g .  

A v a r i e t y  of neoplasms were r e p r e s e n t e d  i n  b o t h  :, I ,  l - t r i c h l o r o e t h a n e -  

t r e a t e d  an1 matched-con t ro l  r a t s  and mice. However, e a c h  t y p e  of neoplasm 

h a s  been  e n c o u n t e r e d  p r e v i o u s l y  as a l e s i o n  i n  u n t r e a t e d  r a t s  or  mice.  

The neoplasms o b s e r v e d  are n o t  b e l i e v e d  a t t r i b u t a b l e  t o  ! , l , l - t r i c h l o r o -  

e t h a n e  e x p o s u r e ,  s i n c e  no r e l a t i o n s h l ;  vas e s t a b l i s h e d  be tween t h e  dosage  

8 roups .  t h e  s p e c i e s ,  sex. t y p e  of neoplasm. or t h e  s i t e  of o c c u r r e n c e .  

Even i f  s u c h  a r e l a t i o n s h i p  were I n f e r r e d ,  i t  voc1.I be I n a p p r o p r i a t e  to 

make an  a s s e s s m e n t  of c a r r i n o g e n i c i t y  of 1 . 1 . 1 - t r i c h l o r o e t h a n e  on  t h e  basis 

of t h i s  test. b e c a u s e  of t h e  a b 5 r e v i a t e d  l i f e  s p a n s  o f  b o t h  t h e  r a t s  and 

t h e  mice. 
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1.0 I N T R O D U C T I O ~  

1, 1, 1-Trichloroethane (commonly c.tlled methylchloroform) is one of a group 

of halogenated hydrocarbons selected for t e s t i n g  i n  the Carcinogenesis 

Bioassay Program. The rat ionale  fo r  i t s  select ion includes i ts  s t r u c t u r a l  

re la t ionship to carbon tetrachloride,  i t s  wide  use i n  i n d u s t r y ,  i t s  ex- 

tensive exposure of humans, and the incomplete knowledge of i t s  

carcinogenic ' potential .  In 1959 Crgwninq reported tha t  1,1, l-tri- 

chloroethane vas replacing the more t o x i c  Indus t r ia l  solvents: tr ichloro- 

e t h y l e n e ,  tetrachloroethylene, and carbon te t rachlor ide.  Furthennore a 

growing market has developed for  I , l , I- tr ichloroetharie a f t e r  reports  

suggested the carcinogenicity of carbon tetra$,t$oride (Reuber and Glover, 

1970; Cella Porta et  a l . ,  1961; Escheubrenner and Hi l le r ,  1946) and of 

tr ichloroethylene (National Cancer I n s t i t u t e ,  1376). I n  the yaars 1970 

through 1973, domestic s a l e s  grew from 327 t o  566 million pounds (Chemical 

Economics Handbook, 1975). The Environmental Protection Agency permits 

l , l , l- tr lchloroethane t o  be used as  a solvent or cosolvent in pest ic ide 

formulations for  &he postharvest fumigation of c i r r u s  f r u i t s  (U.S. 

Environmental Protection Agency, 1 9 7 2 ) .  The l l n l t e d  Srates  Occupational 

Standard reqdres tha t  no worker be exposed to  a concentration fn excess of 

350 p p  by volume, or 1,900 mg/m3 determined as  a time-weighted average 

exposure aver an 8-hour workday (U.S. Dept of Labor, 1974). 

i 
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q.1 2.0 MTERIAIS  AND METHODS 

Chemica l s  - 

- .. 

Too b a t c h e s  of t e c h n i c a l  g r a d e  1.1, I - t r i c h l o r o e t h a n e  were purchased  f r m  

A l d r i c h  Chemical Company, Inc . ,  Milwaukee, Wiscons in .  The p u r i t y  was 

checked  by b z l e t o n  L a b o r a t o r i e s  America, Inc .  , Vienna, V i r g i n i a ,  u s i n g  

g a s - l i q u i d  chromatography (glc) and i n f r a r e d  s p e c t r o p h o t o m e t r y .  Ana lyses  

by g lc  showed t h a t  b o t h  b a t c h e s  c a n t a i n e d  a p p r o x i m a t e l y  95% 1,1, I - t r i -  

c h l o r o e t h a n e  and  3% p d i o x a n e ,  a n  i n h i b i t o r  r o u t i n e l y  added t o  commercial 

p r e p a r a t i o n s  of 1 .1 .1 - t r i ch lo roe thanc .  The r ema in ing  2% of t h e  g l c  peak 

area c o n t a i n e d  s e v e r a l  minor i m p u r i t i e s ,  two of which may have  been  

1 .1 -d ich lo roe thkne  and 1, I - d i c h l o r o e t h y l e n e .  Throughout t h i s  r e p o r t ,  t h e  

term l , l , l - t r i c h l o r o e t h a n e  is used  t o  r e p r e s e n t  t h e  t e c h n i c c l  g r a d e  

materia:. 

Dosage P r e p a r a t i o n  

P r e e h  s o l u t i o n e  of :, 1 . 1 - t r i c h l o r o e t h a n e  i n  c o r n  o i l  i n  amounts,  s u f f i c i e n t  

t o  d o e e  a l l  a n i m a l s  vere p r e p a r e d  weekly,  s e a l e d ,  and  r c f r i g e r a t e d  t o  

r e d u c e  vo la t i l i za t ion .  The c o n c e n t r a t i o n  of 1 , l .  1 - t r l c h l o r o e t h a n e  i n  c o r n  

oil vae 75% f o r  ra t s  and  40-60% f o r  mice. Duke's@ c o r n  o i l  was purchased  

f t o ~  a d i s t r i b u t o r ,  C. F. Suer Co.. Richmond, V i r g i n i a .  Dosing was 

conduc ted  under  a hood t o  minimize  e x t r a n e o u s  e x p o s u r e  of o t h e r  a n i m a l s  and  

6 

l a b o r a t o r y  p e r s o n n e l .  

Ani male 

The Osborne-Mendel r a t  vas s e l e c t e d  because  of t h e  e x p e r i e n c e  ga ined  by t h e  

Food and Drug A d m i n l s t r a t i o n ,  u h e r e  t h i s  s t r a i n  h a a  been used  for many I 
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y e a r s  a s  a general-purpose test animal.  In  a d d i t i o n ,  i t  was known t o  be 

s e n s i i l v ?  to  t h e  ca rc inogen ic  . z f f e c t s  of carbon t e t r a c h l o r i d e  a d m i n i s t e r e d  

by subcutaneous i n j e c t i o n  (Reuber and Glover, 1970). The B6C3Fl hybrid , 

mouse was s e l e c t e d  because i t  h a s  been e x t e n s i v e l y  used by NCI f o r  

, c a r c i n o g e n e s i s  b ioas says .  

Rats and mice of bo th  sexes ,  o b t a i n e d  through c o n t r a c t s  of t h e  D i v i s i o n  of 

Cancer Treatment ,  N a t i o n a l  Cancer I n s t i t u t e ,  were used i n  t h e s e  tests. Th? 

Osborne-Mendel rats, and t h e  B6C3FI hybrid mice were ob ta ined  f r m  tlae 

C h a r l e s  River  Breedirrg L a b o r a t o r i e s ,  Inc., Uilmington, Massachuset ts .  Upon 

r e c e i p & ,  an ima l s  were qua ran t ined  f o r  a t  least  10 deys,  determined t o  be 

f r e e  from o b s e r v a b l e  d i s e a s e  or parasites,  and a s s i g n e d  t o  t h e  v a r i o u s  

expe r imen ta l  and c o n t r o l  groups. 

Animal W a l n t e n a r s  

A l l  an ima l s  were housed I n  temperature- and humidi ty-control led rotme. 

Incoa ing  a i r  was f i l t e r e d  through 2-inch-thlck d i s p o s a b l e  f i b e r g l a s s  

f i l t e r s  a t  a r a t e  of 1 2  changes of room air  per hour. L igh t ing  vas 

provided on a 12-hour-per-day cyc le .  Rats  were i n d i v i d u a l l y  housed in 

suspended steel ,  wire-mesh cages,  and aice were in polypropyle.ie cages 

equipped with f i l t e r  t ops .  Ten mice were housed in each  cage. Clean c a g e s  

wi th  bedding ( S a n i c h i p g ;  masufactured by S h u r f l r c )  were p r w i d e d  twice 

each week f o r  mice; rats were g iven  clean wire cages  weekly. 

Food hoppers  were changed and h e a t - s t e r i l i z e d  once a week f o r  t h e  f i r s t  10 

weeks and once a month t h e r e a f t e r .  H e a t - s t e r i l i z e d  g l a s s  water  b o t t l e s  

were provided twice a week for rets and t h r e e  times a week f o r  mice. Food 

3 



(Wayne@ Laboracory Blox Heal) and water %re consumed g l i b i t w , ~ .  

were repositioned in the room oil a weekly basis. 

Racks 

I 

Housed in the same room with the rats given l,l,l-trichloroethane, were 

rats treated with trichlorcnitromethane, and trichlorofluoromethane; the 

matched controls for 1,1, i-trichloroethane and tr ichlorofluormetiane; and 

the vehicle controls for trichloronltromethane. 

The I ,  1, i-trlchloroethane-treated mice were maintalaed i n  the same r o w  as 

mlce receiving L,1,2,2-tetrachloroethane. trichloromethane, 3-chloro-l- 

propene, tr ichloronitromethane: 1,2-dibrmo-3-chI oropropane, 1 , 2-dibro- 

wethane, 1,2-dichloroethane, 1,l-dichloroethane, trichloroethene, 2,5-di- 

hydrothlophene 1, 1-dioxide, triiodmethane, I ,  1,2-trichlor?ethane, tetra- 

chloroethene, hexachloroethane, carbon disulfide, trichlorofluoroalethane, 

and tetrachloromethane (carbon tetrachloride). The control mice to these 

17 chemicals vere also housed i n  the same room as the I,l,l-ti.ichloro- 

ethane-treeted mice. 
I 

Subchronic Toxicitity Tests 

Subchronic toxicity studies were conducted to estnblish the maximum 

tolerated doses (MTD) of 1.1.1-trlchloroethane for administration to the 

rats and mice in tne chronic study. On the basis of results from the 

range-finding study, doses of 1,000, 1,780, 3,160, 5,620, and 10,000 mg/kg 

were adminietered in corn o i l  by gavage to flve animals of each sex and 

species. Animals Yete dosed 5 days a week for 6 weeks, followed by 2 weeks 

of observation. 

I 

At 3,160 mg/kg none of the tat& died and there vas no reduction of weihht 
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gain,  whil'e'?at 5',62C mg/kg, t u 0  female r a t s  died and Waight ga in  i n  the 

su rv iv ing  females was reduced. A t  10,000 mglkg, two male rats died and 

weight ga in  i n  the surv ivors  was reduced. The high dose f o r  rats i n  the 

chronic  study was the re fo re  se t  a t  3,000 mg/kg; t he  low dose was half  t h a t  

amount, o r  1,500 mg/kg. No grsss pathology vas 053erved ?.n r a t s  a t  

necropsy i n  t h e  subchronic t e s t s .  

A t  5,620 mg/kg none of the mice died and ntne had reduced weight 'ga in ,  

whereas a t  10,000 mglkg only one -le and one female survived.  The 'h igh 

dose f o r  % i c e  i n  the chronic study was the re fo re  set a t  4,000 mg/kg and the 

low dose a t  2,000 ag/kg. No gross  parhology was observed i n  mice a t  

necropsy i n  the  subchronic tests. 

Tables  1 and 2 show th?  ntimbera of r a t s  and mice of each sex used i n  the 

s tudy,  inc luding  those used a s  matched con t ro l s .  Also shorn is t he  dosage, 

du ra t ion  .of t reatment ,  observa t ion  per iod,  and the time-weighted average 

dose f o r  each category of t e s t  animal. 

The r a t s  vcr s t a r t e d  on the  study a t  7 weeka of age. Those on the low 

dose were t r e a t e d  f o r  78 weeks, 5 days per w e k ,  wi th  750 mg/kg, v h i l e  t a t s  

on the  hiah dose received 1,900 m g / k g  fo r  the  eame period of time. both 

groups were observed t o  110 weeks, when t h e  su rv iv ing  a2imals uere k i l l e d .  

(The high doee for t a t s  had been set o r ig l i r a l ly  a t  3.300 mglkg; t h i r  dirag. 

proved t o  be too  toxic,  however, and the  s tudy was terminated,  t h e  aninulr 

d iscarded ,  and the study r e s t a r t e d  as indica'ed abave (ree t a b l e  1). 

5 
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Table I.  Oe8iga of 1,l.l-Trichloroethsne Ckronic Study: '&ate 

Initial l,I,l-Trichloro- Ubservation Period Time-Ueighted 
Grparimentol bo. of ethane r)oseoa - Treated Untreated Average LIOSP.~ 

k e i g n  Animal8 ( d k g )  (weeks) (ueeks) (m8/k8) - 
&us 

0 110 0 

78 32 150 

18 32 1,500 

Control 20 0 

so 150 

digh Uooe so I, 500 

Lou Ooee 

P L W E  

3 I10 0 20 0 

50 150 

Higii Dose 50 I ,  500 

Control 

L o w  Dose 18 32 150 

?I ,  32 I ,  500 

'Oosee ( i n  q / k g  body we1ght)administered in corn oil fi.re times per week by savage. 
bTiae-ucci~hted average dose = C(dose I n  mR/kR x number ueeks ac that dose) 

L(nu.nber of weeks receiving dose) 

c 

-I!- " 
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Table 2. i lesign o i  l , l , l - T ~ i c h l o r o e t h a n e  Chronic Study: Mice ;Tf J 
. t  ., 

theervat ion  Period Time-WeGh t ed 
Expetimcntal No. of ethane Ooetsa Treated Untreated Average Doseb 

HALE 

I n i t i a l  l,I,l-TrIchloro- 

Uesign Ani.BI318 (mg/kR) (weeks) (weeks  ) (mn/k.s) 

Control 20 0 0 93 0 

L O U  Dose 50 2,000 IO 2,601 
2,500 13 
3.303 Sd 

0 12 

Hiah Dose w 4,000 I 0  5,615 
5.0UJ I 0  
6 , 003 53 

0 12 

Control 2\1 0 3 90 

L o w  Dose 50 2,000 10 2.8U7 
2,500 1 r) 
3.000 58 

0 13 

Nigh 308% 50 4.000 
5.000 
6 , 000 

10 
10 
58 

5.615 

- 0 -  13 

aDooeo ( la  p e / 4  body utight)administertd i n  corn o!l f i v e  t imes per veck by gavage. 
bTimee-veighttd aveiage dose -J(dose in -/kg x number ueeks at  that  dose1 

C(nuaber of ueeke rece lv ing  dose)  

. . . .' 
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The mice were s t a r t e d  a t  5 weeks of a g e  and were t r e a t e d  5 days  p e r  week. 

f o r  a t o t a l  of 78 weeks a t  v a r y i n g  dosages .  S i n c e  t h e  t e c t  chemics l  d i d  

n o t  c a u s e  t o x i c  sigr,s,  b o t h  t h e  h igh  and low dosages were r a i s e d  tv lce  

d u r i n g  t h e  t r e a t m e n t  p e r i o d .  S u r v i v i n g  animals  were observtll  f o r  12  w e k s  

f o l l o w i n g  t h e  t r e a t m e n t  and t h e n  k i l l e d  i n  t h e  ?Och week of t h e  s t u d y .  

Animals which r e c e i v e d  a known, c a r c i n o g e n ,  c a r b a n  t e t r a c h l o r i d e ,  s e rved  a s  

t h e  p o s i t i v e  c o n t r o l  f o r  t h i s  h tudy  and f o r  t h e  e n t l r c  se r ies  of 

i 

h a l o g e n a t e d  che rn lca l s  t e s t e d .  The purpose of t h i s  c o n t r q l  was t o  v e r i f y  

t h e  s e n s i t i v i t y  of t h e  test a n i m l s  to  c a r c i n o g e n i c i t y  by ha logena ted  

hydroca rbons  and t o  s e r v e  as a check  on p r o c e d u r e s  and t e c h n i q u e s .  The 

a n i m a l s  used vrre o f  t h e  same s t r a i n  2nd Jource as t h o s e  dosed  w i t h  1 .1 .1 -  

c r i c h l o r o e t h a n e .  The p o s i t i v e  c c n t r o l  r a t s  were housed s e p a r a t e l y  from t h e  

1,1,1-trichloroethane-'dosed ra ts .  b u t  vere i n  tne w.oe room as t h e  1,1,1-  

t r i c h l o r o e t h a n e - d o s e d  mice. The d e s i g n  of t h e  ca rbon  t e t r a c h l o r i d e  s t u d y  

( p o s i t i v e  c o n t r o l )  was e s s e c t i a l l y  t h e  same a s  t h a t  of 1.1, l- tr i-  

ch lo roeEhane .  . The h i g h  dose f o r  male r a t s  vas 74 mzlkg and t h e  h i g h  d o s e  

€or females 160 mg/kg. The !ilgh dose  f o r  b o t h  mal2 and f ema le  mice  was 

2,500 mglkg. Groups of males and f e m a l e s  o f  . b o t h  s p e c i e s  were a l s o  

, a d m i n i s t e r e d  lov d o s e s  u h i c h  were one-half t h e  h igh  d o s e s .  Un t rea t ed  

a n i m a l s  of t h e  same s t r a i n ,  s o u r c e .  and a g e  were used  as matched c o n t r o l s  

t o  t h e  c a r b o n  : e t r a c h l o r i d e - t r e a t e d  ( p o s i t i v e  c o n t r o l )  r a t s  and mice. 

U n t r e a t e d  a n i m a l s  s f  t h e  same a t r a i n  and source were used  as u n t r e a t e d  

match:C c o n t r o l s  t o  t h e  1 ,1 ,  1-trichloroethane-treated r a t s  and mice; t h e r e  

were 20 a n l m h l a  of e a c h  sex of e a c h  s p e c i e s .  They were s t a r t e d  a: t h e  same 

time ar, t h e  1,1, I-trlchloroezhane-treated r a t s  and 'mice  m d  were housed in 

t h e  same room a s  t h e '  t r e a t e d  a n i m a l s .  They r e c e i v e d  i d e n t i c a l  an ima l  care,  

8 
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e x c e p t  that n e i t h e r  t h e  test s u b s t a n c e  nor t h e  c o r n  011 vas a d u i n i s t e r e d .  

There bere no  v e h i c l e  c o n t r o l  a n i m a l s  used .  

C l i n i c a l  and P a i h o l o 3 i c  E x a a i n a t i o n s  -- -- 

A l l  a n i m a l s  vere i n s p e c t e d  twice d a i l y .  Jody we g h t s  and food c o n s w p t i o n  

uere r e c o r d e d  v z e k l y  f o r  t h e  f i r s t  10 weeks aed  month ly  t h e r e a f t e r .  A 

n e c r o p s j  vas performed on each  an ima l  r e g a r d l e s s  of whe the r  i t  d i e d ,  vas 

k i l l e d  e a r l y ,  or o i i r i i v e d  to  t e r m i n a t i o n .  A l l  a n i m a l s  vere i n j e c t e d  w i t h  

sn&ium p e n t o b a r b i t a l  i n t r a p e r 1 : o n e d l y  (0.3 t o  0.5 m l  for rats a?d 0.05 t o  

0.1 ml for  mice.) u n t i l  t h e y  a r e  c o m p l e t e l y  a n e s t h e t i z e d .  me a n t m a l e  were 

t h e n  exsangu ind t4d  and immedia te ly  n e c r o p s i e d .  The f o l l o w i n g  tissues vero 

t a k e n  from k i l l e d  mimais and, where p r a c t i c a l ,  from those foiind dead: 

b r a i n ,  p i t u i t a r y ,  , a d r e n a l ,  t h y r o i d ,  para:hyroid,  t r a c h e a ,  t s o p h a u a s ,  

thymus, s a l i v a r y  g l a n d ,  lymph nodes  ( m e s e n t e r i c  and c e r v i c a l  1, h e a r t ,  n a s a l  

p a s s a g e s ,  l u n g ,  s p l e e n ,  l i v e r ,  k idney ,  stomach, emal 1 i n t e s t i n e ,  l a r g e  

i n t e s t l n e ,  p a n c r e a s ,  u r i n a r y  b l a d d e r ,  p r o s t a t e  or u t e r u s ,  s e m i n a l  v e s i c l e s  

and tes t is  w i t h  e p i d i d y m i s  or wary,  s k i n  w i t h  mmmary g l a n d ,  musc le ,  

ne rve ,  bone, bone marrov, and t l s e u e  masses. 

I Iissuet~ uere p r e s e r v e d  Ln 10% b u f f e r e d  f o m a l i n ,  embedded i n  p a r a f f i n ,  

s e c t i o n e d ,  s t e i n e d  v i r h  hematoxy l in  and eosin, and examined microscop-  

i c a l l y .  In  e v e l u a t l n g  s u s p e c t e d  t r e a t a w n t - r e l a t e d .  e f f e c t s  i n  -8c9, t h e  

ma tched-con t ro l  g roup  waa compared to  t h e  t es t  group.  Complete d a t a  on a l l  

tumora are presented f o r  the matched c o n t r o l *  and f o r  t h e  l , l , l - ? r i -  

c t  l o r o e t h s n e - t r e a t e d  g roups  i n  Appendixes  A and 8 .  For p o s i t  i v e  ( ca rbon  

t e t r a c h l o r i d e )  c o n t r o l s ,  o n l y  the d a t a  - e l a t h e  to s u r v i v a l  and s p e c i f i c  

l e r i i o n s  of c o n c e r n  arc  p r e s e n t e d .  

9 



The i n t e n t  was t o  e v a l u a t e  a l l  o rgans ,  t i s  l e s i o n s  f o r  every 

animal  a8 epe:ified i n  t h e  pathology p r o t o c o l  f o r  t h e  Bioassay Program. 

! 

However, a f e v  t i s o u e s  ( e s p e c i a l l y  s m a l l  o rgans )  were l o s t  d u r i n g  :he 

necropsy and t h e  h i s t o l o g i c  p r e p a r a t i o n .  p r c c e s s ;  t h e r e f o r e ,  t h e  denominator 

ueed f o r  a p a r t i c u l a r  organ,  tissue, of  l e s i o n  i n  Appendixes A and 8 nay 

n o t  n e c e e e a r i l y  e q u a l  t h e  a m b e r  of anim,le placed on experiment  in each 

group. 

Data  Recording and S t a t i s t i c a l  Ana lyses  

P e r t i n e n t  d a t a  f o r  t h i s  'experiment have been r eco rded  i n  an au tomat i c  d a t a  

p r o c e s a f n g  system, t h e  C a r c i n o g e n e s i e  B io i~esay  Data Syztem ( L i n h a r t  e t  a l . ,  

1974) .  The d a t a  e l e m e n t s  i n c l u d e  deec r lpL ive  in fo rme t ion  on t h e  chernicald, 

8nilDBlOr expe r fmen ta l  des ign ,  cllrrica!. obs.?nrat lona,  s u r v i v a l ,  animal 

w i z h t ,  and i n d i v i d u a l  p a t h o l o g i c  r e e u l s  a8 recommended by t h e -  I n t e r -  

national Union Aga ins t  Cancer ( U I C C )  i-(3erenblum, 1969).  Data t 2 S l e s  were 

g e n e r a t e d  for  s t a t i s t i ca l  r ev iew and v e r i f i c a t i o n  of data t r a n a c r i p t i o n .  

Survlval p r o b a b i l i t i e s  e r e  e s t i m a t e d  . _  +by t h e  p roduc t  l i m i t  p rocedure  of 

Kaplan and thier (1958) and p r e s e n t e d  j n - t h i s  r e p o r t  i n  t h e  form of graphs.  

C e a t h s  due to acciderr t  are not inc luded ;  a l l  o t h e r  d e a t h s  a r e  recorded in 

I C  

' J  i... 

the system. S t a t i s t i c a l  tes ts  of d i f f e r e n c e 6  i n  s u r v i v a l  between groups 

are t a p a r c d  us ing  the method of Cox (1972) fo r  two g roups  an4 a n  e x t e n s i o n  

of  t h i s  method by Tarone (1975) f o r  more t han  tuo groups.  

The number of an ima l s  v l t h  tumor8 was analyzed as a p c r c e n t a g c  of t h e  

number of t i s s u e s  examined, For uoea a i t i l ,  such as  l i v e r  or ' lung, t h e  

anin81 is .counted i n  the denominatcrr of t h e  t a b l e a  shoving such tcmora a t  

t h a t  r i te  o n l y  i f  t h e  site had a h i s t o l o g i c  examinat ion.  For tumOra t h a t  

10 
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appeared a t  several e l tea ,  8 count is entered in  the denmfnator for any 

animal that  had a t  leaat  one such a i t e  h i s to logica l ly  examined for that  

tumor. 

S t a t i s t i c a l  analysis  of tumor incidence was made ueing the Fisher exact 

t e s t  (Cox 1970) to  compere ?he controls  LO each Coee level.  In addition, 

the L r d t a g e  and CDchw8n test for l l3ear  Lrend i n  proportions v f t h  

continutty correction (Armitage, 1971) was used. "hi8 t e s t *  asswing  8 

l inear  trend, determineti i f  t h e  slope of t h e  dose-respnec curve is  

d i f f e r e n t  from terb (P < 0 . O S ) .  The n e t h d  ais0 ca lcu la tes  t h e  probabili ty 

level 0: a departure f r w  l inear  trend. 

A conservative adjustment, t h e  Bonferroni inequality (?liller, 1966) una 

ured for siauftansous caaparisonr of several treatments d t t  a control.  

For the  comparison of k dares v i t h  8 control,  t h i r  correction requires 

s ignif icance level l ees  than7 or equel to  0.05tk for  the overa l l  camparison 

t o  be rignificr?at a t  the 0.05 level. ?hi8 adjurtoent w a ~  not aude i n  t h e  

tablse *ere the Fisher exact t e a t  result8 a r e  rhom but i r  discussed i n  

11 



3.0 RESULTS 

A. E 

Body Weteh t s  and C l i n i c a l  Signs ( R a t a 1  

Average  w e i g h t  g a i n s  of male r a t s  a p p e a r e d  to be. t r e a t m e n t  r e l a t e d  d u r i n g  

I '  

1; tc ldence  aaong r a t a  i n  a l l  groups, i n c l u d i n g  matched control@, d u r i n g  the 

l a t t e r  p a r t  o f  t h e  f i r s t  year. The number of t r e a t e d  a n i m a l s  s h a v i n g  

r r r p l r ' r t o r y  rigna i n c r e r r c d  6alPcwhat Over t h a t  o f  t h e  mac.ched controls ss 

the s t u d y  p r o g r s a r e d .  Tovard t h e  end of t h e  e x p e t i m s n i  a l l  r u r v i v i n g  r a t s  

rhowad uhm.erin8 and a hunched apparrrnee. Signa o f  rginu commonly o b s e r v e d  

in l a b e r r t o r y  rata uer- noted d?rring t h o  r e c o n d  y e a r  in comparable  n u n b e r r  

of COatrol r n d  t r r a c e d  titi. Thew r igns  i n c l u d e d  tough  f u r ,  mores on the 

body 811d/Ot ettiellitlt!#, r lOpeCi8  Of d e 8 q u m a t i O n  of t h e  t a i l ,  r q u i n t a d  

oyoa, and blocdy dlrchrrgr  o r  c r u e t  around tho eyer. The l a t t e r  sign m a  

a o t d  mot0 o f t e n  in t r e a t e d  snlmlr  t h a n  i n  t h e  rpatchrd controlr. 

t h e  f i r s t  y e a r  of tt,c s t u d y .  However, t h e r e  vas l i t t l e  d i f f e r e n c e  amng 

, group8  of f e m s l e  rats u n t i l  t h e  ' e econd  y e a r ,  when d e a t h 8  made any 

comparison quer t ionab&e !see f iq t i r e  1). 

During the f i r s t  y e a r  of t h e  s t u d y ,  t h e  a p p e a r a n c e  and b e h a v i o r  of t h e  

t r e s t e d  ra ta  were g e n e r a l l y  c o c p a r a b l e  t o  t h o s e  of t h e  matched c o n t r o l s ,  

e x c e p t  t h a t  by week 10 u r i n e  s t a i n s  were e v i d e n t  on 8 few tanimsls in t h e  

t r e a t e d  groups. A8 the s t u d y  p r o g r e s s e d ,  i n c r e a s i n g  numbers of t r e a t e d  

f e m a l e s ,  and ,  t o  a lesser e x t e n t ,  t r e a t e d  male rate .  shoved u r i n e  s t a i n i n g  

o f  t h e  abdominal  f u t .  R e s p i r a t o r y  invo lvemen t  c h a ~ n c t t r i z r d  by wheezing, 

r r p i d  or l a t o r e d  b r e a t h i n g ,  a nessl. d i s c h a r g e  that  wnr e-metiws b loody  i n  

a p v e n r r n c e ,  rn&/ar a hunched a p p e a r a n c e  were n o t e d  b t  8 low 3r modera t e  

12 
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S u r v i v a l  (RatsL 

The s u r v i v a l  OC b o t h  sexes of dosed  r a t s  vaa  l e a s  t h a n  c h a t  of t h e  matched- 

c o n t r o l  groups .  I n  male r a t 8  6 / 2 0  (30%) of t h e  c o n t r o l s ,  32/50 (64%) of 

t h e  l w - d o s e  gtaupI and 36 /50  (722) of t n e  'h igh-dose  group d i e d  v i th tn '  a 

y e a r  cif t h e  s t a r t  of t h e  s t u d y .  The Tarone a t a t i a t i c a l  t e i i t  of aurv ' iva1  

shoved  a d o s e - r e l a t e d  r , ? s I t l v e  t r e n d  (P c 0.3C1) I n  t h e  p r o p o r t i o n s  of 

d e a t h s  o v e r  t h e  p e r i o d  of t h e  e x p e r h e n t .  ' , 

In f e o a l c  r d t n  1 / 2 0  ( 5 % )  of  the matched c u n t r o l s ,  2 4 / 5 0  ( 4 8 f )  of tire h v -  

d o s e  group, and  21/50 ( 4 2 % )  of t h e  h igh-dose  g roup  d i e d  i n  the  f i r s t  y e a r .  

Ae in male rats, t h e  s t a t i s t i ca l  test f o r  pa . i t i v e  d o s e - r e l a t e d  t r e n d  vas 

s i g n i f i c a n t  !P C 0.04). -1gure 2 shows t h e  e s t i m a t e d  p r o b a b i l i t y  o f  

s u r v i v a l  of rate. 

x 

In b o t h  sexesI t h e  e a r l y  mortal1:y in t he  1,1, I - t r ichloroethne-treated 

rats may have  a t f e e t a d  t h e  i n c i d e n t e  of l a t e - a p p e a r i n g  tumors ;  t h i s  i a  

e s p e c i a l l y  t r u e  i n  t h e  malee, s i n c e  none s u r v i v e d  to t h e  schedu led  temine- 

_I 

t i o n  of t h e  mtudy. 

7evcr r a t s  r e c e i v i n g  1 ,1 , l - t r ich loroe th . :nc  s u r v i v e d  a t  b o t h  78 and 110 

1. 

L.. 

weeks thar. d i d  t h e  p o s i t i v e  c o n t r o l  ra ta  r e c e i v i n g  t h e  k n o w  c a r c i n o g e n ,  

carboa t e t r a c h l o r i d e  (see t a b l e  3 ) .  

14 
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Tab le  3. Comparison of S u r v i v a l  of Con t ro l  Groups, 
1,l.l-Trlchloroethane-Treated, and Carbon T e t r a c h l o r i d e -  

T rea t ed  ( P o s i t i v e  C o n t r o l )  S a c s  

' Ca. bon T a t r e c h l o r i d e  -- Group l , l , l - T r i r h l o r o e t h a n e  

I n i t i a l  Nimber Number I n i t i a l  Number Number 
No. of Al ive  a t  A l ive  a t  YO. of Al ive  a t  Alive a t  
Animals 78 Weeks 110 Weeksa Aaimals 78 Weeks 110 Weeksa 

HALE - 
Con t r o l  20 7 0 20 20 12 
Low Dose 50 1 0 50 34 15 
High Do62 50 4 0 50 35 ' 8  

FEHALE 

C o n t r o l  20 14 3 20 111 14 
Low 3OSf3 50 9 2 50 38 20 
High !h3e 50 12 1 50 21 14 

lT ime  in s t u d y  a t  l a s t  weighing. 

Patholog2 (Rats) 

A v a r i e t y  o f  neoplasms was r e p r e s e n t e d  among bo th  1.1, l - t r i ch lo roe thane -  

t t e e t c d  ar,d matched-control an ima l s  (see Appendix A). These inc luded  

hemangiosarcoam (subcutaneous tissue i n  t h e  abdomen) , p a p i l l a r y  cys t -  

adenocarcinoma (mammary gland and subcutaneous t i s s u e  i n  t h e  g r o i n ) ,  lipoma 

( h e a r t ) ,  hemengloma (mesenteric a r t e r y ,  s p l e e n ) ,  leiomyoma ( a r t e r y  i n  

1 
I 
1 

i 

, 

thymus r e g i o n ) ,  a d r e n a i  cor t ical  adenoma. and pheochromocytoma. Some 

t h y r o i d  neoplasme occur red  s p o r a d i c a l l y :  f o l l i c u l a r - c e l l  adenoma and 

carcinoma and p a p i l l a r y  cystadenoma. One h e p a t i c - c e l l  adcooma was 

observed.  Uammary g l a n d  neoplasms inc luded  t h e  fo l lowing  types:  f i b r o -  

adenoma, adenocarcinoma, and p a p i l l a r y  cystadenocarcinoma. Other  neoplamns 

were I d e n t i f i e d  as  fol lows:  t r a n ? i t i o n a l - c e l l  carcinoma ( u r i n a r y  b l adde r ) .  
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chrunophobe  adenoma, e n d o m e t r i a l  stromal polyp ,  m a l i g n a n t  g l i o n a  ( b r a i n s )  

and o s t e o s a r c o n a  ( n e s e n t e r y :  ' m e t a s t a t i c ) .  

Of t h e  malignan: neoplasms, t h e  f o l l o w i n g  o c c u r r e d  on ly  i n  test  rats: 

pap i? l . a ry  cys t adenoca rc inoma  i n  t h e  s u b c u t i s  of 1/50 high-dose f emaleu; 

w r i n a r y  b l a d d e r  t r a n s i t i o n a l - c e l l  carc inoma in 1 / 5 0  high-dose males; b r a i n  

ma l ignan t  g l ioma  in 1/48 low-dose males, and  m e s e n t e r i c  metastatic 

os t eosa rcoma  i n  1/50 high-dose females .  F o l l i c u l a r  carc inoma was obse rved  

i n  1 / 2 0  match&-cont ro l  f e m a l e s  and 1 /49  h igh-dose '  f ema les .  A l l  o t b e r  

m a l i g n a n t  neoplasms o c c u r r e d  i n  t h e  m a t c h e d a c o n t r o l  an ima l s .  

Each of t h e  t y p e s  of neoplasm r e p r e s e n t e d  had been e n c o u n t e r e d  p r e v i o u s l y  

as a spon taneous  l e s i o n  in t h e  r a t  and no r s l a t i o n s h i p  i n  type  or i n c i d e n c a  

t o  chemical t r e a t m e n t  was a p p a r e n t .  

A v a r i e t y  of n o n n e o p l a s t i c  l e s i o n s  was r e p r e s e n t e d  among b o t h  t h e  matched- 

c o n t r o l  and l,l,l-trichloroethane-treated a n i m a l s  (see Appeiidix C) .  Such 

1esior.s have been encoun te red  p r e v i o u ? l y  as  s p o n t a n e o u s  o c c u r r e n c e s  i n  

a g i n g  l a b o r a t o r y  rats. 

p:  t h e  spon taneous  l e e i o n s ,  c h r o n i c  mur ine  pneumonia was p r e v a l e n t  and was 

t h e  most p r o b a b l e  c a u s e  f o r  t h e  h i g h  i n c i d e n c e  of n a t u r a l  d e a t h s .  It vas 

c h a r a c t e r i z e d  by a v a r i e t y  of in f lammatory  c h a n g e s  i r c l u d i n g  a b s c e s s e s ,  

p l e u r i t i s ,  and b r o n c h i e c t a s i s .  

The o n l y  p r o l i f e r a t i v e  h e p a t o c e l l u l a r  l e s ion  (adenoma) i n  rats t r e a t e d  v i t h  

1 , l . l - t r i c h l o r o e t h a n e  vas . i n  a high-dose female .  !:one o c c u r r e d  in t h e  
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matched-con t ro l  g roups ;  however, several  n e o p l a s t i c  nodu les  and hepato-  

c e l l u l a r  ca rc inomas  o c c u r r e d  i n  t h e  p o s i t i v e - c o n t r o l  r a t s  t r e a t e d  with 

c a r b o n  t e t r a c h l o r i d e  (see t a b i e  4). 

T a b l e  4. Comparison of t h e  I n c i d e n c e  of L i v e r  Tumors i n  C o n t r o l  
Croups.  1.1 . I-Trichl.xoethane-Treated, and Carbon 

Tc t r  ac h l  or ide-Tr eaied I P o s i  t i v e  Con t r  ol ) Ra t s 

Group 
H e p a t o c e l l u l a r  Carc inoma.  Neoplastic Nodules  

C C I  3C!!3 CCl4 CC13CH3 cc14  

0 / 2 0  0 / 2 0  0120 Con t r  ol 0 / 2 0  
2/50 0/49 2/50 
2/50 . 0150 1 /5C 

Lou Dose 0 / 4 9  
Hlgh Dcse 0 / 5 0  

FEMALES 
. .  

-- 
0120 0120 0120 

0 / 5 0  1 / 4 9  1/5oa 3/49 

Con tr  o l  0120 
0150 4 I49  0 / 5 0  2/49  ' 

Low Dose 
High Dr.se 

"Hepa t o c e l l u l a r  a d e n m i .  

S t a t i s t i c a l  A n a l y s e s  o f  Re!jults (Rats) 

T h e r e  were no tumors a t  any  s i t e  t h a t  appea red  i n  s u f f i c i e n t  numbers to 

t n d i c a t e  a s t a t i s t i c a l l y  s ign i f1 :an t  d o s e  r e l a t i o n s h i p .  T a b l e  5 shows t h e  

I n c i d e n c e  of t h o s e  tumars t h a t  had a p r o p o r t i o n  o f  greater t h a n  5% i n  any 

d o s e  g r o u p  i n  e l t h e r  s ex .  The p r o p o r t i o n  of t h e  ra te  w i t h  tumors was 

There 

is no  s ta t i s t ica l  e v i d e n c e  o f  c a r c i n o g e n i c i t y  o f  t h e  chemica l  i n  t h e s e  

r e s u l t s ;  however. t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  e u r v i v a l  of t h e  dosed 

g r o u p s  compared to  t h e  c o n t r o l s  and t h e  l o w  s u r v i v a l  rate o f  a l l  g r o u p s  

s h o u l d  be c o n s i d e r e d  i n  e v a l u a t i o n  3f t h e  d a t a .  

h i g h e r  i n  t h e  u n t r e a t e d  g r o u p  of b o t h  s e x e s  t h a n  i n  t h e  dose  - groups .  

18 
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P ValuesC N.S. N.S. N.S. N.S. N . S .  N.S. 

Weeks to, F i r s t  Observed Tumor 7 2  28 so 58 64 56 

P i t b i t a r y :  Chromophobe 

---_I_-- 

-- - -- 103 -- 97 -- -- Weeks t o  F i r s t  Observed  Tumor 

Adrenal :  Cortical I 
Adenornab 0 / 2 0  3/49(6) 1 / 5 0 ( 2 )  2/19(11) 1 ' 4 8 (  2 )  2 / 4 9 (  4) I 

N.S.  :J.S. I F .  F P ValuesC N.S. N.S. N.S. N.S. 

Ucrlks t o  F i r s t  Observed  T u m ~  28 106 85 99 106 -- -_. 

a L o r  and h igh-dose  g r o u p s  r e c e i v e d  l , l , l - t r i c h l o r o e t h a i i e  in c o r n  o i l  by gavage f i v e  times p e r  beek  i n  d.>ses 

bNunber of tumor-bear ing  an ima l s /nunbe r  of a n i m a l s  examined a t  s i t e  ( p e r c e n t ) .  

I* 
of 750 and 1.500 mg/kg body e i g h t  r e s p e c t i v e l y .  

m 
3 =Beneath  the i n c i d e n c e  of t h e  matched c o n t r o l s  is t h e  p r o b a b i l i t y  l e v e l  f o r  t h e  Armi tage  t es t  f o r  p o s i t i v e  

d o s e - r e l a t e d  t r e n d  i n  p r u p o r t i o n s  when i t  is below 0.10, o t h e r w i s e  N.S. - n o t  s i g n i f i c a n t .  Beneath t h e  dosed  
g r o u ?  i n c i d e n c e  is t h e  p r o b a b i l i t y  l e v e l  f o r  t h e  F i s h e r  e x a c t  ( c o n d i t i o n a l )  t e s t  for c m p a r l s o r i  of t h d t  dosed  
g roup  w i t h  t h e  matched c o n t r o l  group when it is  below 0.10, o t h e r w i s e  N.S. - n o t  s i g n i f i c a n t .  

... .- - 



The f i r s t  tmors  obse rved  i n  t h e  male r a t s  were hemangioma In  t h e  s p l e e n  a t  

72 weeks in a matched-cont ro l  a n i m a l ,  c o r t i c a l  adenoma ctf tb.e a d r e n a l  a t  28 

weeks i n  a low-dose an ima l ,  and l ipoma i n  t h e  heart a t  50 weeks i n  a 

high-dose an ima l .  I n  f ema le  ra t s ,  t h e  f i r s t  tumor s e e n  wag f ibroadenoma I n  

t h e  mammary t i s s u e  a t  58 weeks i n  a ma tched-con t ro l  an imal ,  enitmetrial  

stromal po lyp  of t h e  u t e r u s  a t  0 4  we2C.s i n  a low-dose an ima l ,  and p a p i l l a r y  

cys t adenoca rc inoma  i n  t h e  mammary tiss*:c a t  56 w e e k s  i n  a hish-dose an ima l .  

MICE B* - 
Body We’ight and C l i n i c a l  S i g n s  (Mice) 

T r e a t e d  a n i m a l s  of b o t h  s e x e s  g a i n e d  less we igh t  t h a n  d i d  t h e  matched 

c o n t r o l s  (see f i g u r e  3). The r e d u c t i o n  i n  weight  g a i n  a p p e a r s  d i r e c t l y  

r e l a t e d  to t h e  t r e a t m e n t .  

Throughout  t h e  test, t h e  a p p e a r a n c e  and b e h a v i o r  of t h e  t r e a t e d  and 

ma tched-con t ro l  mice were g e n e r a l l y  similar, C l i n i c a l  s i g n s  commonly 

obse rved  i n  group-housed mice and u u u a l l y  a s s o c i a t e d  w i t h  a g i n g  were 

obse rved  a t  a similar r a t e  among ma tched-con t ro l  and t r e a t e d  a n i m a l s  d u r i n g  

t h e  s t u d y .  These s i g n s  i n c l u d e d :  a l o p e c i a  ( g e n e r a l i z e d  or l o c a l i z e d ) ,  

sore9 on t h e  back  and o t h e r  body p a r t s ,  a n a l  a n d / o r  p e n i l e  i r r i t a t i o n ,  

hunched appea rance ,  rough h a i r  coat, and o c c a s i o n a l  a b d a n i n a l  d i s t e n s i o n .  

S u r v i v a l  (Mice) .. ’ . _.. 

F i g u r e  4 shovs t h e  e s t i m a t e d  p r o b a b i l i t y  o f  s u r v i v a l  of mice. I n  male 

mice, t h e  Ta ronc  test shoved  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  

p r o p o r t i o n s  o f  t h e  g r o u p s  s u r v i v i n g  (P - 0 . 5 5 ) .  In  male mice,  10/20 ( 5 0 % )  

of t h e  ma tched-con t ro l  group,  21/50 ( 4 2 % )  of t h e  lo-dose group, and  2 5 / 5 0  

;. .. ::. . 
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(50%) I o f  t h e  h i g h - d o s e  & r o u p  d i e d  u l t h i n  a y e a r  of  t h e  s c a r t  of  t h e  

e r p e r  imont  . 
';n f e m a l e  m i c e ,  1 / 2 0  ( 5 % )  of  t h e  n a t r h e d - c c n r r o ?  g r o u p ,  9 /50  (Id:) o f  t h e  

Lov-dose group, a n d  20/50 (40%) of t h e  h i g h - d o s e  g r o u p  d i e d  v i t h i n  cite 

f i r s t  y e a r  of  t h e  s t u d y .  The Taro.ne test  Lor p o s i t i v e  d o s e - r e l a t e d  trend 

i n  t h e  p r o p o r t i o n s  s u r v i v i n g  had a s i g n i f i c a n c e  l e v e l  of P - fJ.002. 

'"hie 6 shovs t h a t  while f e v  mice r e c e i v i n g  c a r b o n  t e t r a c h i o r i d e  s u r v i v e d  

, i n t i 1  t h e  p l a n n e d  t e r m i n a t i o n  of t h e  t,est, f r o m  2 5  t o  40% of t h o s e  t r e a t e d  

tt? tb  I ,  1 , l - t r i c h l o r o e t t - . a n e  r e a c n c d  t h e  p l a n n e d  t e r m i n a t i o n  d a t e .  The h i g h  

e a r l y  r n o r t a l l t y  in mice r e c . c i v i n g  l , l , l - t r i c h l o r o e t h a n e  may h a v e  l o u e r c d  

!:he i n c i d e n c e  o f  l a t e - a p p e a r i n g  tumors. 

T a b l e  6. CTmparison of S u r v j v a l  of C o n t r o l  G'ro?lps, 
l,l,l-Trichioroethane-Treated, a n d  C a r b o n  T e t t a c n l o r i d e -  

T r e a t e d  ( P o s i c i v e  C o n t r o l )  Mice 

- I. 

, Group 1 , 1 , l - T r l c h l o r o e t h a n e  C a r b o n  T e t r a c h l c m l d e  
! 

i 

i 

I n i t i a l  Number Number I n i t i a l  Number Number 
No. o f  A l i v e  a t  A l i v e  a t  No. of A l i v e  a t  A l i v e  a t  
h i m a l s  78 Weeks 90 & e k e  Animals 78 & e k e  90 Weeks ! 

MALE I - 
Con t r 01 20 6 2 20 13 
Low Dose 50,  21 15 50 11 0 
High' Do s(? 50 14 11 50 2 1 

-0 

FEMALE 

Control 20 1 2  1 1  2 0  18 1 7  
Lou Dose 50 -28 2 3  50 20 0 
High Dose 5c 1 4  1 3  50 3 I 

- 



- P a t h o l  op,y (!!ice) 

A v a r i e t y  of neoplasms vas r e p r e r e n t e d  among b o t h  t n e  1, i ,  1 -cr ichiora-  

ethaz::-creat.ed and marched-con t ro l  mic, (see Appendix B) . These i n c L d e d  

' f i b r o s a r c o m a  and sarcoma of t h e  subcu t  is, a l v e o l a r / b r o n c : r i o l a r  adenoma, 

hepa  t 1 c-ce 11 adenoma and c a r  c inome , c y s  r: adenoca  r c i n  c::na of t h e  ova r 18, and 

a d r e n a l  c o r t i c a l  adenoma. H a l i g n a n t  lymphom ccc i i r r zd  in 3 number of 

o r g a n s  e i t h e r  ' a t  p r imary  (lymph node. s p l e e n )  o r  m e t a s t a t i c  ( l i v e r ,  

p a n c r e a s ,  s p l e e n ,  b r a i n ,  k idney ,  o v a r y )  sites. 

P i b r o s a r t o m a  and sarcoma of t h e  s u b c u r l s  were obse rved  i n  1 / 4 7  lov-dose  

f e m a l e a  and 1 / 5 0  high-dose f ema les ,  r e s p e c t i v e l y .  H e p a t o c e l l u l a r  carc inoma 

o c c u r r e d  in 1 / 4 9  high-dose males. C y s t a  ienocarc inoma of t ke  ova ry  o c c u r r e d  

i n  1 / 4 3  h igh-dose  f ema les .  Ma l ignan t  lymphoma of t h e  s p l e e n  appeared  i n  

1/15  matched-con t ro l  males, 2 /44  high-dose males ( w i t h  l i v e r  m r t a s t a s e s ) ,  

aad  1 / 4 8  low-dose f ema les .  The f e w  o t h e r  cases of m a l i g n a n t  lyRphoma 

o c c u r r e d  !n mr tched-con t ro l  a n i m a l s .  

Each of t h e  t y p e s  of neoplasm r e p r c w n t e d  had been  e n c o u n t e r e d  p r e v i o u s l y  

a8 a s p o n t a n e o u s  l e s i o n  i n  t h e  mouse and no r e l a t i o n s h i p  i n  t y p e  or 

i n c i d e n c e  to chemica l  t r e a t m e n t  vas a p p a r e n t .  

A v a r i e t y  of n o n n e o p l a s t i c  l e s i o n s  vas r e p r e s e n t e d '  among bo th  t h e  matched- 

c o n t r o l  a n J  c h e m i c a l - t r e a t e d  a n i m a l s  (see Appendix D). Such l e s i o n s  have 

been e n c o u n t e r e d  p r e v i o u s l y  as gpon taneous  occurrences i n  a g i n g  l a b o r a t o r y  

mice. Of the s p o n t a n e o u s  l e s i o n s ,  c h r o n i c  murice pneumonia was t h e  most 

s i g n i f i c a n t  p a t h o l o g i c a l l y .  I t  o c c u r r e d  i n  a l l ,  g r o u p s  of ma tched-con t ro l  

and test a n i m a l s  and vas t h e  p r o b a b l e  c a u s e  for  t h e  h igh  I n c i d e n c e  of e a r l y  

d e a t h .  
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The n e a r l y  100% i n c l d c n c e  of h e p a t o c e l l u l . r r  c a r c i n c u a  i n  t h e  posi:ive- 

c o n t r o l  groupe r e c e i v i n g  carbon t e t r a c h l o r l d t  s t a n d s  i n  marked c o n t r a s t  t o  

t h e  v e r y  low i n c i d e n c e  among t n e  1.1.  I-trichlotoethane-treated mice and t h e  

. matched-con t ro l s  (see t a b l e  7 ) .  

Tab e 7 .  Comparison of t h e  I n c i d e n c e  of Hepa t o c e l l u l a r  Carcinoma 
i n  Coctrol C r u p s ,  l , l , l - T r i c h l o r o e t ~ a n e - f t e a t e d ,  and C8tb.m 

Tc t r  oc h Aor ide-Trea t e d  (Pos 1 t I v e  Con tr  o i  ) Mic e 

----- -- 
.. # 

Croup 1.1,l-Tr i c i i l o r a e t h a n e  Carbon T e t r a c h l o r i d e  

C o n t r o l  
Low Dore 
High Dr:se 

FEHALE - 
C o n t r o l  
t o w  Dose 
High Dose 

2/19 
9 / 4 7  
1/49 

2/19 
4 9 / 4 9  
4 7 / 4 0  

1 I20 
6 0 / 4 0  
4 314 5 

S t a t i s t i c a l  Anaryses of Results ( n i c e 1  

T a b l e  a shows t h e  p r o p o r t i o n s  of p r imary  tumors of t h e  l i v e r  and m a l i g n a n t  

lymphoms t h a t  accoun ted  for m e t  of t h e  tumors o b s e r v e d  i n  mice. I n  t h e  

dose4  group?  t h e  p r o p o r t i o n  of animals obse rved  to have  tumors vas not 

S t8 t !8 t iC8 l ly  s ign i f  fC8nt ;  t h e  mutchcd-cont ro l  groups had a h i g h e r  pro- 

p o r t i o n  of a n i l n r l s  w i t h  tumors t h a n  any of t h e  dosed  groups .  There uere no 

v e i r l c l e  controls v j t h  an envi ronment  and p e r i o d  of t e s t  comparable  t o  t h a t  

of t h e  dosed  g roups ,  b u t ,  due  to t h e  lov i n c i d e n c e  of tumors i n  the doeed 

g roups ,  t h e  use of s u c h  v e h i c l e - c o n t r o l  g r o u p s  c o u l d  n o t  s h o v  8 
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T a b l e  8. Statistical Analyse9 the Incidence of Tucors a t  S p e c i f i c  S i t e s  i n  Matched Controls a d  
1, I ,  L-'CrLchlJr~rtIi;1iiL.-Treated Hlca 

N.S. N.S. N.S. N.S. N.S. N.S. 

Ueeks to  F i r s <  Observed Tumor 80 a9 .50  00 54 26 

H e m a t o p o i c t l c  System: 
He 1 ignan t Lymphomab 2 / 1 5 ( 1 3 )  0 / 6 7 ( 0 )  2 / 4'9 ( 4 ) 3 / i e (  L 7) 1 / 4 8 ( ? )  0/50(0) 

01 P v o l u a s c  N.S. . N.S. ? s. N.S. N.S N . S .  
FJ 

Ueeks  to  Firs t  O b s e r v e d  Tumor PO -- 60. 80 90 -- 

Liver: H e p a t o c e l l u l a r  
Adenoma or Carclnozua, 
or N e o p l a s t i c  NoJulcb 

P - 0 .03)  N.S. N.S. N.S. . . N.S. N.S. 

"Lou- and high-dose group3 r e c e i v e d  I ,  1 . 1 - t r  i c l i l o t o e t h a n e  i n  corn 011 by savage f l v e  t lines per w e k  l n  t l iar-  

bNumber of tumor-bear lng antmals/number of animals c x a . s t o r J  a t  s i t e  ( p e r c e n t ) .  
C B e n e a t h  t h e  matched  c o n t r o l s  i n c i d e n c e  Is t h e  p r o b a b i l i t y  l e v e l  for t h e  A r m i t a g e  t e s t  f :L p o s t t l b e  

weighted a v e r a g e  d o s c s  of 2.807 and 5 . 6 1 5  mg/kg body w l g h t .  r e s p e c t i v e l y .  

d o s e - r e l a t e d  t r e d  in p r o p o r t l o n u  h e n  i t  is below 0.10. o t h e r u l s e  N.S. - not s l ~ i i l t t r ~ u t .  
B e n e a t h  t h e  d o s e  g r o u p  i n c i J e n c e  is t h e  p r o b a b i l i t y  l e v e l  f o r  t h e  Flskrr  e u c t  :est f o r  comy3rlsson of th. i t  
d o s e d  g r o u p  w i t h  the c o n t r o l  g r o u p  when i t  is b e l o w  0.10, o t h e r d i s e  N.S. - not  s l ~ i i i f ~ c . m t .  

I .  
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d o s e - r e l a t e d  a s s o c i a t i o n .  The e a r l y  d e a t h s  t h a t  a c c u r r e d  h t h e  h i g h - d o s e  

mice s h o u l d  b e  c o n s i d e r e d  Yhtl; 1 n t e r e : i c e s  are made on t h e  i n c i d e n c e s  of 

tumots o b s e r v e d  i n  t h e  g r o u p s .  

The f i r s t  l e s i o n s  o b s e r v e d  i n  t h e  male n i c e  were a l v e o l a r / b r o n c n f o ? a r  tumor 

of t h e  l u n g  a n d  m a l i g n a n t  lymphoma i n  a r z t c h e d - c o n t r o l  a n i n a l  a t  80 weeks ,  

hemangiosarcoma i n  t h e  ?ow-dose a n i m a l  g r o u p  .zt 89 weeks ,  and h e p a t o c e l -  

l u l a r  adeaoma of t h e  l i v e r  a t  50 w e e k 3  i n  a h i g k - d o s e  mouse. In t h e  

f e w l r s ,  a a l f g n a n t  lymphoma was o b s e r v e d  a t  d o  w e e k s  i n  ?he  matched  g r o u p ,  

f i b r o e a t c o m a  i n  t h e  s u b c u t a n e o u s  t i s s u e  a t  54 weeks I n  t h e  lov-dose  g r o u p .  

a n d  c y s t a d e n o c a r c i n n n a  of t h e  nammary a t  26 weeks  i n  t h e  high-dose group. 

The Low i n c i d e n c e  of t u m o r s  of a n y  t y p e  p r e c l u d e d  i n t e r p r e t a t i o n  of a g e -  

a d j u e  t e d  s t a t  i s t i c  a 1  a n a l y s e s .  
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4.0 DISCUSSION 

The s c c d i e s  vere n o t  c o m p l e t e l y  a d e q u a t e  tes ts  of c a r c l n o g e n i c i  t y  because  

o f  t h a  s n o r t  s u r v i v a l  t i n e  <Jf t h e  dosed an ima l s .  . 

I n  ra t s .  t r e a t s e n t  w i t h  1 , l . l - t , r i ch lo roe t ! : ane  f a l l t r d  t o  @ l i c i t  a s k a t i s t i c -  

p.l ly s i g n i f i c a n t  i n c r e a s e  in e i t h e r  t h e  t o t a l  number of neoplasms or i n  any 

s p e c i f  i c  t y p e  of n e o p l a s a .  i lovever,  t h e r e  v a s  ccnpour ,d- re la tcd  and dgse- 

r e l a t e d  e a r l y  m o r t a l i t y  amung t h e  r a t s  t r e a t e d  w i t h  1 .1 ,  I - t r i c h l o r o e t h a n e ,  

and i n s u f f  i c i e n t  nunbe r s  s u r v l v e d  t o  have  demons t r a t ed  .3 s i g n i f i c a n t  

i n c i d e n c e  of l a t e - d e v e l o p i n g  tumors. The o b s e m a t i o n  of a s m a l l  number of 

. .  

h e p a c n c e l l u l a r  ca rc inomas  and n e c y l a j t i c  n o d u l e s  i n  t h e  carbon tc t ra -  

c h l o r i d e - t r e a t e d  p o s i t i v e  c o n t r o l ,  r a t s  bu t  n o t  In t h e  matched' c o n t r o l s ,  

s u g g e s t s  t h a t  Osborne-flendel r a t s  may r e spond  p o s i t i v e l y  t o  a p o t e n t  

c h l o r i n a t e d  hydrocarbon h e p a t i c  ca rc inogen .  b u t  t h i s  r e q u i r e s  c o n f i r m a t i o n .  ' 

I n  t h e  mice, as in t h e  rare.  t h e r e  were no tumor4 t h a t  c o u l d  be r e l a t e d '  t o  

t r e a t m e n t .  S u r v i v a l  of mice t r e a t e d  w i t h  1 -1 ,  i - t r i c h l o r o e t h a n e  vas l o n g e r  

t h a n  t h a t  of t h e  rats.  Only 3% of t h e  rats s u r v i v e d  to  t e r m i n a t i o n  of t h e  

exper imen. t ,  compared v i t h  31% of t h e  mice. However, no c a r c i n o g e n i c  

t e s p . n s e  vas demons t r a t ed .  

Had t h e  d a t a  i n d i c a t e d  '8 p o e i t l v e  c a r e l n o g e n i c  e f f e c t  for 1.1, l - t r i c h l o r o -  

e t h a n e .  t h e  p r e s e n c e  of t h e  . i c h i b i t o r  p d i o x a n e ,  or  o t h e r  p o s e i b l y  

c a r c i n o g e n i c  i m p u r i t i e s ,  would have  r a i s e d  some q u e s t i o n 8  r e g a r d i n g  ' t he  

results. Hovever, ' i n  t h e  p r e s e n t  s t u d y  it  is e v i d e n t  t h a t  such  ca rc ino -  

g e n i c  components  (Argus e t  a1 . ,1965 and 1373; Hoch-Lige t i  e t  a l . ,  1970) of 

t e c h n i c a l  g r a d e  1 . 1 , l - t r i c h l o r o e t h a n e ,  i f  p r e s e n t .  vere . in s u c h  lov concen- 

t r a t i o n s  t h a t  t h e i r  i n f l u e n c e  vas n o t  r e v e a l e d .  

28 
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These s tudies  cannot be regarded as appropriate tests for the carcino- 

genic i ty  of 1.1.1-trichloroethaoe i n  the test aninals  because of the 

abbreviated l i f e  spans of both t h e  rats  and n ice .  In addition, no previous 

s tudies  adequate Lo evaluate carcinogenicity have been reported i n  the 

l i t era ture .  
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MAL E FEMALE - - 
Matched Low High Ib tc!ieiJ Low H 1 gh 

Dose Dose 
73- 36 Control Dose 

-5F 
- Control Dose 

-30- 20 
50 49 50 20 . 50 

Animals a t  S ta r t :  -20 
Tissue/Response Animals Necropsied: 23 

SKIN (Subcutaneous Tissue) 
Hemangiosarcam - 

Papi 1 l a r y  cys tadenocarcl noma 

HEART 
Lipoma 

ARTERY 
Hemangicma (Mesenteric Artery) - 

Leioqyonla (Artery i n  thymus region) 

LIVER 
Hepatocellular adenoma 

L;RIXARY BLADDCR 
Transi t ional  ce l  i carcinoma 

c 
0 a 
8 
rp: 
@ 

PITUITARY 
Chromophobe adenoma 

. - . . ~ ._. . . .. ,.__ ._ , . _ _  . .. _ I _ .  . _..- .- . I . --. ._. . . 

1/20 0145 
(5%) 

01 20 0145 

0120 . 01 49 

01 20 0149 

01 20 

01 20 

0147 

0147 

o/ 50 0113 

01 50 0118 

1/50 01 20 
(2%) 

O /  50 0120 

1/50 0118 
(2%)  

0147 31 2" 
(15%j  

0147 

0147 

0149 

01 50 

0143 

21 43 
(4X! 

01 so 

1/50 
(2%)  

0149 

111 
100%) 

1/50 
(2%) 

0147 

1/48 
( 2 % )  



, Appendix A. S u m r y  of the Incidence of Tumors i n  Rats Treated w i th  1,l ,1-Trichloroethanea . -. 

ClAL E FEMALE 
- 3 

Low t!igh 
Dose 

Matched Low High Matched 
Control Control - Dose - Dose - 

20 50 50 20 50 50 
20 49 50 20 50 50 

Animals a t  S t a r t :  
TissueIRespnse Animals Necropsied: 

ADRENAL 
Cort ical  adenoma 

Pheochromocy toma 

THYROID 
g Fol l i cu la r  c e l l  carcinoma 

Foll i cu la r  c e l l  adenoma 

Papi 1 l a r y  cys t a d e n m  

SPLEEN 
Hemangioma 

MAMMARY GLAND 
Fibroadenoma . 

Adenocarcl noma 

Papi 1 lary cystadenocarcinoma 

01 20 

1/20 
(5%) 

0120 

0120 

01 20 

1/20 - 
(5%) 

016 

O/ 6 

016 
- .  

3/49 
(6%) 

0149 

0/47 

0/47 

0147 

1 I 4 9  
(2%) 

0149 

0/49 

0149 

1/50 

O/ 50 

(2%) 

ill 50 

01 50 

O/ 50 

O/ 50 

1/50 

O/ 50 

(2%) 

01 50 

1 /48 
(2%) 

(4%)  
2/48 

O/ 50 

O/ 50 

O/ 50 

o/ 50 

O/ 50 

91 50 

o/ 50 

2/49 
(4%) 

0/49 

1 /49 
(2%) 

0/49 

0/49 

0/49 

1/49 
(2%) 

0/49 

0/49 
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Appendix A. S u m r y  o f  the Incidence o t  Tumors i n  Rats Exposed t o  Treated w i t h  1 *1 , l-Trichloroethanea 

- continued 

MALE FEMALE 

Matched Low High Matched Low High 
Control __ Dose Dose 

50 3ii- -- Dose 
50 20 
- Dose Control - 

Animals a t  S tar t :  20 50 
. 20 50 . 50 \ T i  s sue/ Res ponse Ani rn 1 s Necrops i ed : 20 49 50 . 

UT E I IUS 
Eiidometrial stromal polyp 

BRA I N  
G1 ioma (Malignant) 

W 

-J MESENTERY 
0s teosarcoma ( k t a s  t a  ti c 1 

0/20 1/45 O/ 50 
(2%) 

01 20 0149 0149 

111 
(1 00%) 

4 - 
’Figures express the r a t i o  o f  the number o f  tumors f9und t o  the number o f  t issues evaluated. 

, 
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Appendix B. Sumnary of the Incidence of Tumors i n  Mice Treated w i t h  l , l , l - T r i ~ h l o r o e t h a n e ~  

Matched Low High Matched Low High 
Control Lose --- Cont r c l  Dose &e .- I .  

50 . .< Animals a t  Star t :  7 50 50 20 50 
Tissue/Response Animals Necropsied: 15 47 49 18 48 50 

SKIN (Subcutaneous Tissue) 
Fib rosa rcoma 0/15 Oj46 01 4-7 0118 

Sarcoma llOS 0/15 0146 0147 0118 

LUNG * 
F Alveolar/Brochiolar adenoma 

LIVER 
Hepa t o c e l l  u l  ar  adenom 

Hepatocel lular carcinoma 

Hemangiosarcoma 

Lymphoma (Mt! tas t a  t i c ) 

LYMPH NODE 
Malignant lymphoma 

1/15 
(7%) 

0115 

0/15 

0/15 

1/15 
(7%) 

9/10 

.. . I- .__ . . . .. 

1 /47 
(2%)  

0147 

0147 

1/47 
(2'6) 

0147 

0145 

_ _  _. . . . 

1/49 
(2%) 

3/49 
(6%) 

1/49 
(2%) 

0149 

2/49 
( 4 % )  

0143 

0116 

0118 

0118 

0118 

1/18 
(6%) 

1/16 
(6%) 

1/47 
(2x1 

0147 

0143 

0143 

0148 

01 48 

0148 

0/47 

01 50 

1/50 
( 2 % )  

1/50 
( 2 % )  

O/ 50 

01 50 

Of 50 

O /  50 

o i 4 i  ?P * te 
80 
w 

. . I . ,  



Appendtx 8. Sumnary of the Inctdence of Tumors i n  n i ce  Treated w i t h  1.1 ,l-Trichloroethanea 

r - - con t i  nued 
-_  

tMLE FEMALE 
- 

Matched Low High Maxhed LOW High 
Control Dose Dose Co i t r o l  Dose Dose 

Animals a t  S t a r t :  -20 -56 -53- -20 m- -56 
T i  ssueIResponse Animals Necropsied: 15 47 49 : 8  48 50 

PANCREAS 
Lymphoma (Metastat ic ) 

SPLEEN 
i4al ignant lymphoma 

E Lymphoma ( M a s  ta  t i c )  

BRA I r i  
Hal ignant lympnoma 

KIDNEY 
Lymphoma (Metastat ic) 

OVARY 
Lymphoma (Metastat ic) 

0 a Cys tadenocarci noma 
e3 
0 
rpa 
G9 

1/13 
(8%) 

1/15 
( ? X I  
011 5 

0115 

0115 

-- . 

-- 

0147 ,0148 

0146 2/44 
J 5%) 

0146 01 44 

0147 0149 

0147 0149 

9/17 

011 7 

1/17 
(6%) 

1/16 
(6%) 

2/18 
(11%) 

2/15 
(13%) 

r)/15 

0147 

1 I 4 8  
(2%) 

0149 

0/4u 

0148 

0131 

c/31 

G/ 50 

01 50 

01 50 



. .  

L .  

f .  . .. 
i. -\? 
. .  

.? 
_I. . 
.?. . 

f. 
w 

. .  . -- 

. Appendix 6. Summary o f  the Incidence o f  Tumors i n  Nice Trested w i t h  l , l , l -Trichloroethanea 

_- con t i nued 

MAL E FEMALE 

Matched Low High )Ib tched Low Hlgh 
Control Dose Oose Corlir~ol Dose Dose 50 -50- 

15 47 49 18 48 50 

- -- 
20 50 50 20 A n i m l s  a t  Star t :  

Tissue/Rerponse Anlmals Necropsied: 

ADRENAL 
Cort ica l  a d e m  0/1u 0/41 0/48 1/18 0/48 S i 4 7  (6%) 

MULTIPLE ORGANS 
k : i gnan t  lymphoma !His t iocyt ic)  1/14 

1/18 Mal igriant lymphoma 
‘Figures express the r a t l o  of the nunrber of tumors found t o  the number o f  t issues evaluated. 
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APPENDIX C 

SUFPIARY OF THE I!!C!DENCE OF FiONTtiMOR PATHOLOGY 

I N  RATS EXPOSED TO 

1,1,1-TRICHLOROETMNE 
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TABLE C1 

SUMMARY OF THE INCIDENCE OF HONTUWOR PATHOLOGY 
IN M A L E  RATS T R F A T E D  W I T H  1.1.1-iRICHLOROETHANE 

----_---------------------------------------------.--------------------------- 

CO8TmOL LOW DOSE 8168 DOSE 

I . t f E O l l t ~ I R l  STSLBII 2 (101) 

SKIW 2 '  
Z D t l a  2 

SOBCOT TISSWB 2 
P D t l A  2 

14 
90 

@e (981) 50 (100%) 

' 23 23 
1 

, 5  1 
t 2 
6 7 
7 11 

1 
0 '  1 

0 
e 

15 
10 
1 
1 

1 
t 

10 
2 
3 
9 

2 
2 

26 
6 

7 
6 
5 

1 

6 
1 
1 

I 
1 

Precedine page blank 47 
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COD .-SOL L O W  DO58 nxcn M)SZ 

LOW6 
BROBCRXECTASXS 
COB6 LSIX31 
B D I l A  
IW?LAOlAtI 38 FOCAL 
lBowcuoP~~uno1IA r c n n  
I8?LAlRAtIOB ACUTE 
ID?LldUATI38 ACUTE SO?POIIAtXVE 
BDODCHOPBZUCOIIA ACU?B 53PWDA7X 
ABSCE S 5 
?Wt0(10#IA CRBOWXC E O I l B t  
I 8 fi, D 3 n L? I OS CI! BO If. C 
fD?LAllUATIOW F J C R ~  CRIOWIC 
X B t L A l B A t J O l  CHBOBIC SOPPUEA?XVC 
BDOOCBOPB101OWIA CIIPOWIC SOPWDA 
ABSCLSS ClPOWIC 
IB?LAllAtXOl CIAlULO~ATOOS 
?1B1OSXS DIllOSI 

20 28 

1 

9 

5 
m .  

' 7  

LO #C/A f VtCL I 
COLL APS I 
IDt11A 

0 
2 

2 .  
? 

11 
1 
1 

1 

? 2 
1 19 

l7 

29 
1 
6 
1 
1 
6 
5 
4 
2 

2 
2 
1 
1 

25 

2s 

1 
' 9  

6 

46 



! 
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1 
; 

I 

I 
I 
! 
I 
! 

1 
1 

13 
11 . 

1 
9 

1 
1 

4 
1 
1 

2 

3 
3 

1 

9 
1 

1 
I 

1 
1 

‘ 1  
1 

3 
2 
1 

2 
1 



TABLE C1 MALE RATS: NONTUMOR PATHOLOG .' &.) 

2 
1 22 

1 
1 

1 
1 

i 

93 
1 
3 
3 
1 

6 

20 

t 
7 

1 
11 

I 

I ( I D l 1 T / C O l l B ~  
1100111101 
I I S C R S S  
IIDRO41S D I l l O S R  

9 

1 

@ .  
1 
3 .  ' 

R t D I L  TUWL1 
DILATATIOD 
CAS? 

1 
1 
1 

5 
5 
5 . .  

a 
1 

t 

.. . 



PITUITARY 
CYST 

ADRE8 AL 
C l S T  
COBCtSTIO8 
11108RBAGB 
HtIIATOCYS? 
A 8 G I t C T A S I S  
ItTAPLASIA OSSEOUS 

ADBt8AL CORTEX 
8EIlORRHA6B 
D B 6 t 8 E B A T I 0 1  
LIPOIDOSIS  

A D I E B l L  IEDOOLLA 
CYST 
I Z P I I P L A S I A  

TlYBOID ' 

CYST 

PABlTlYROfD 
BYPIRPLASIA 

2 

1 

1 

3 
1 

2 

3 
3 

2 

1 
1 

5 

' 5  

1 
1 

1 

9 

9 
1 

3 
3 

1 

1 

1 

3 

3 

1 
1 

2 
2 

1 0 8 E  I I A 1 1 0 4  2 
I Y P I X P L A S I l  I B R A t O P O I ~ I C  2 

3 
3 

5 1  



.. 

I 

I 

LI9 
L 
C 
E 
B 
I 
I 
I 
I 
E 
L 

L 
1 
a 
m 
1 
I 
I 
I 
I 
1 
1 

'I 
'I? 
)8G 
IBB 
1110 
l?L 
in 
in 
i n  
'PI! 
!E? 

I 
n 
1 
I 
IE 
1 
1 
I 
I 
1 
E 

IODL 
IA # G I  ECTAS I S 
ISTI08 
1 
IBRAGZ 
LRIATfO8 
1IIATIO1 ACUTE 
LRRATIOM ACUTE ntI08RBACIC 
LBIATIOW SOBACUTE 
IPLASIA BLTICULOI-CZLL 
IOID EIPLEPLASIA 

6 14 10 
1 2 
3 6 2 

1 
1 

1 
3 

2 

3 .  5 
1 '  

1 

B t P E O b O C T I l t  SYSTCI 

R i E I A l l I  GLR8D 
C t S T  , 

1 
I 
I 
I 
1 
I 
I 
4 
a 
D 

7 (351) 

't 3 
L 
MIRAT301 
1IAATIO8 ACUTE 1 
r R l A T I O l  ACOTL SQPPOBATI1~ 1 
1IEAT108 SOBACUTt 
LEIAT108 CBBOSIC 
1allAtIO8 CBRMIC SOPPUPATIlB 1 
ISIS DI?lOSt - 
'91 1 

v4 (29.) 12 (29%) 

1 
1 

0 9 
1 

3 3 

1 
3 2 

2 
2 
t 

1 
1 

9 
1 

6 8 4 
2 2 2 

2 
4 4 2 

52 
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SPECIAL SIISB O I C A l S  

PLUM 
I l ? L A R l A t l O l  ACOTB 
1 1 t L A l f i A T I O l  SOSACOTE 

1 
1 

1 
i 
1 

1 

1 

. .  



7ABLE C2 

SUMMARY OF THE INCIDENCE OF NONTUMOR PATHOLOGY 
IN FEMALE RATS TREATED WITH 1,l.l-TRICHLOROETHANE 

........................................................................... 
CO I? EO L L O W  DOSE . RICH DOSZ 

. .  

. .  

I 

. -  

TPACHIA 
o L c m  
IIPLARRATIOI SOPPUBAfXVE 
IllLA~IA~IOI ACOTE 

I1?LAIEA?IOI SUBACUTE 
. o x t e  ACUTE 

KBUS 
ECTASIS 

IATIOI ACOTI! 
LCIlTE 
IATIOI ACOTC SOPPOEAtIVt 
IATIOl CBROIIC 

IATIO8 C B E O I I C  SOPPOEATXVZ 
:D ITPEEPLASIA 

:HBOIIC 

LOIG/BROICHXOLE 
I8PLAbEATIOI CRBOIXC 
I I ? L A I l A T I O I  CREOIIC SUPPURAT1TL 
PXBBOSXS 

L U I G  
C O I G t S R O l  
t D t I I A  

BROE~IOPIEUIOIIA 
II?LAIIlATIOl 
BROICROPItOROIIA ACuiE 

wmomewe 
i 
I I I ? L A l O A ? f D I  ACUTB 
I II?LAR~A?IOI ACOTE SOQPOOA?Itt 
I BEOPCBOPIIOIOIIA ACOTC SOPPUBAT1 

20 f?f!Yj 

9 

3 
1 
5 

15 
15 

2 
1 

3 
2 

1 

19 

1 

2 
2 

87 (OS%)' 49 (98%) 

18 

9 
3 
2 

1s 
, 7  

1 
2 
3 

17 
1 
2 
Q 
7 
3 

10 
'8 
3 

1 

2 2 
1 

2 .3 

1 3 
1 

36 
7 
3 

37 
2 1  

4 
1 
1 

6 5 

9 5 
0 2 

. .  
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TABLE C2 FEMALE RATS: HONTUMOR PATHOLOGY (CONT.) 
------__--------.---------------------------.--------------------- 

CO 8TROL LOB DOSX n1ca Do- 

l t A B t  
A B S C E S S  C l P O I I C  
?XSROSXS D I l l U S I  

I I I O C A R D I U l  
I B l L M l A t I O l  SOBACUTE 

1 

1 

t 
1 

1 
1 

6 
5 
1 

1 

2 
1 

t 

1 
1 

1 

.1 

0 
3 

1 

55 
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I 

, 

L I V B l ~ X I ? E I L O B O l A B  
mccnosxs 

I 
I 

ATROPU1 I 
I 

1 
1 

2 

I 

t 
1 

.i 
1 
2 

1 
1 .  

2 
2 

: I  
1 ,8111 DUCT 

I l ? L A l l A T I O I  CREOIIC 
B I P B P O U S X A  

PAICBIAS 
I l l t A E l A T I W  CEEOlIC 
PI R I A  nlll ITIS 

PAICEELTIC ACLYUS 
A? EO9 BY 

2 

2 '  

3 

3 

1 

1 

1 
1 

2 
1 

I 
! 

; i  

1 

1 2 
1 

1 

2 

1 

1 
t 

2 

2 

2 
1 
t 

1 
1 

......... .... .* 
- /. .; . :. . ..._. . . . .  .J ...... : 

.;' 

1 

i 

56 

I 

. .  ... 



~ I 
I 
I 

I( IDB E? 
I1 B l P A L U A t I O B  
CTDBOBEPABOSIS 
COlCSSTlOB 
Ut lOR1! !&5X 
P X t l O l X P W B I ~ S  
ABSCESS 
I l ? L A B R A t I O l  CEROIIC 
cALc1oa DPPOSITIOB 

K I D B t l / C O R T E I  
?I BPOSIS  

l? 21 13 
2 
2 
7 
1 

2 5 
1 
7 14 I 

1 
e 2 1 

1 
1 

2 
2 

9 
7 

4 
6 

16 
14 
1 

6 
6 

15 
13 

3 2 
1 

3 

1 

3 

8 

0 
1 

- e  10 
, 3  

1 
1 

2 
2 

t K 7 t O X D  2 
OILAtA?IOW 1 
?9LLICOLAU CTS? 
lT? lB?LASIA C - C f u  1 

- 
1 
1 

57 
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TABLE CZ FEMALF RATS: NONTUklOR PATHO OGY ( C O W  

B B A 1 8  
ABSCESS 
C L I O S X S  
ATEOPWY 

2 (10%) 2 (4%) 1 (2%)' 

1 
1 

t 

1 

1 
1 

1 

1 

59 



ALL OtEEB SISTERS 
I 

1 
1 
1 

A BDCO E11 
LIPO-GI&BOLOIIA 
UECIOSIS  ?AT 

a m m s t x  B u n  
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